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Industrialized Housing is the only solution to an international 
problem of shortage of Housing of all the developed nations as well 
as developing nations. The overall integration of Subsystems and 
Components into an overall system or process' with total use of 
Industrialized production, assembly, transportation and Erection 
techniques may be defined as Industrialized Housing. Manufactured 
Housing and Factory-Built Housing imply the same meaning as 
Industrialized Housing.
The housing Industry in the United States is gradually moving 
away from on-site construction and is entering factory-built con­
struction and a new methodology is evolving. Factory-Built Hous­
ing consists of Modular or Pre-fabricated components manufac­
tures. Modules is  Modular construction. The generally accepted 
definition for modular is three dimensional, self-contained, code 
complying Building Blocks or Sectional Homes. A Modular house 
is manufactured. However, a manufactured house is not always 
a modular. Sub-categories include single family modular units 
and the stack or multi-family units.
Mobile homes are also manufactured housing. M obile- 
Modular units are units which are built to be code complying in 
every way, except that the chassis on which they travel is an in­
tegral structural part of the floor. The advantage of the mobile 
Modulars is that they can be permanent code-complying housing. 
But, by leaving the wheels attached to the chassis, they also can 
qualify as highway vehicles and therefore be taxed as chattel 
rather than real property.
All the possible successful advances made in construction are 
based on the principle of doing as much preparatory and assembly 
work as possible in a well planned factory, where lesser-skilled 
workers apply themselves in repetitive fashion under better work­
ing conditions and at lower wage rates. In the future, manufactur­
ing plants will consist more of modular and panelized components. 
Another division of the manufactured housing industry is the pre- 
fabbed or panelized structure. This is  what home manufacturers, 
builder fabricators, dealers and wholesaler fabricators have been 
building for years. The units are built in two dimensions, rather 
than three -  i . e . ,  walls, interior partitions, roof trusses, floors 
etc. They are manufactured in the true sense of the word, al­
though the factory out of which they come may be an operation 
facility next to a builder’s subdivision.
There are die core and panel units. These are units in which 
die mechanical installations are made in a three dimensional 
module. This module is then combined with manufactured panels 
to form the finished house.
This then is manufactured housing. Not just modular units, 
but any housing which is substantially structurally manufactured.
NEED OF INDUSTRIALIZATION
By definition, industrialization consists of taking a process 
(be it building houses or stoves), breaking it down into its many 
facets, ■and then placing these tasks in a logical and systematic 
order, aiding and abetting with machinery where possible, so that 
the end product is  produced in the most efficient and least expen­
sive manner. T o satisfy HUD’s national mission of providing 
twenty six million housing units in the seventies, we must use 
industrialization in housing. We need to generate the volume in 
housing.
Same builders and manufacturers build factory-built modules 
but they do not become industrialized in their thinking. Instead of 
production line moving past men, the men move past the production
♦Production and Safety Engineer, DUKOR MODULAR SYSTEMS, 
INC., Gilroy, Calif. 95020.
line. Let us understand the principles behind the construction in­
side the plant. We will get nowhere if we build the houses conven- 
tionally inside the plant. Industrialization in many minds has 
become synonymous with factory production. This is logical, for 
only within the discipline of a factory can industrialization reach 
its fuUest potential for both increased production and lower cost.
We need automation built in with industrialized housing tech­
niques. Automation + flexibility = fast growth. Why Industrializa­
tion? Save moneyl Often money saving is not the prime reason. 
Many site builders can compete very well with Industrialized build­
ers even with today’s increased wage rates.
The component or modular package offers much more than 
dollar saving. It replaces the need for skilled craftsmen who may 
not exist in many areas, provides architectural quality not available 
in many markets, provides a single source for all of the related 
materials which may not be available locally and lowers the com­
pletion time drasticaUy, reducing interest costs and improving the 
turnover o f the builder’s capital.
To my belief, if a stick-builder is smart, he would save him­
self some headaches by buying modules from a manufacturer at 
competitive prices and be a developer. Also the construction loan 
will be for shorter period as the faster delivery of the units can be 
achieved either for builder or individuals, higher quality and in the 
long rim a lower cost.
The market is substantial nationwide. Effective demand varies 
greatly in individual markets and from year to year. Make your 
own forecast and try to convert it for mass production. According 
to Henry Ford, “ The term mass production is used to describe 
the modern method by which great quantities of a single standard­
ized commodity are manufactured.. .Mass production is not m erely 
quantity production.. .  nor is it merely machine operation. Mass 
production is the focusing upon a manufacturing project of power, 
accuracy, economy, system, continuity and speed. The inter­
pretation of these principles, through studies of operation and 
machine development and their coordination is the conspicuous 
task of management. And the normal result is  a productive or­
ganization that delivers in quantities a useful commodity of stan­
dard material, workmanship, and design at a minimum cost. ”
Other fields have been industrialized for generations. Many 
are now approaching the stage we call automation. What then is 
so exceptional about building?
Certainly, the production of buildings is one of the most com ­
plex and difficult of all operations. To assemble the money, land, 
labor, materials and equipment necessary to the production of 
even a small house is a process which is  proportionately more 
involved than that of building an ocean liner. Hundreds of separate 
items made by different manufacturers and distributed through 
various channels must be individually assembled from  a host of 
dealers. The talents of a whole hierarchy o f skilled trades and 
professions must be dovetailed. A network of building and zoning 
ordinances — often contradictory, and almost always obsolete — 
has to be negotiated, as do all the legal processes involving trans­
fer o f land titles, financing, etc. As a result of this archaic sys­
tem of production, building prices are high, quality generally low, 
and output inadequate.
From the point of view of technology, it seems clear that con­
struction can be better adapted in factories, not.only to the social 
conditions of our day, but also to modern means of production: 
factories, tools, research, organization.
SYSTEMS DESIGN, CODES AND THE ARCHITECT
Despite the problems of econom ics, politics, labor and 
esthetics, the technology of assembly-line home building is 
emerging very rapidly. There are quite a few building systems 
represented nationwide. Out of twenty-two systems selected by 
HUD’s Operation Breakthrough, nine systems use wood framing,
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eight use precast concrete, two use wood and steel, one uses 
steel framing, one uses fiber-reinforced resin and filler struc­
tural panels and one uses foamed plastic core structural panels.
The selection of the materials for the building system should be 
made and designed having factory-built construction, Transpor­
tation and Erection in the back of the mind while cost should be 
watched constantly. The emphasis is on price, not technology.
Systems most likely to succeed generally fall into two cat­
egories: Wood or steel-framed modules, manufactured like post­
graduate mobile homes, transported with or without flatbed trucks, 
then stacked and connected on site, and precast concrete systems— 
usually prefinished walls and floors or complete modules—made 
in remote or on-site plants.
Effective and efficient systems for the floor, roof and walls 
will solve the major problems of cost. Slowly, piece by piece 
the puzzle of modular production technology is being solved.
The use of “ Single Construction”  instead of double construc­
tion sheathing plus siding or brick will begin to come back. The 
use of studding 24" o . c . , single top plates, single framing around 
openings and 2x3 studs all will become increasingly interesting as 
the industry searches for ways to hold down costs.
European systems have lots of experience to offer to American 
Manufacturers. Europe today is littered with costly experiments 
and mistakes in industrialized housing. Only a handful of credible, 
economically viable systems are available out of all these efforts. 
The Panelization system is the major contribution to the construc­
tion industry out of Europe. Systems are highly standardized.
The United Kingdom is the most flexible. The reason for 
flexibility in the United Kingdom is that the prime concern is en­
vironmental. This demands a flexibility far beyond what may be 
required of industrialization even in the United States.
Any manufacturer operates under at least one, probably two 
of the three regional codes:
1. International conference of Building officials (ICBO)
2. Building officials and code Administrators (BOCA)
3. Southern Building code congress (SBCC)
4. F.H.A.
5. State Codes
6. Innumerable local codes or local variations of regional 
codes.
One of the many barriers facing the manufacturer of mass 
produced housing today is local building codes, a series of stan­
dards and specifications designed to establish minimum safeguards 
in the construction of buildings, and to protect those persons who 
live and work in them from fire and other hazards. Sometimes 
the codes are non-uniform among localities, including those with­
in the same geographic and climatic areas. These codes do not 
take into account new developments in construction techniques and 
building materials, and also these codes are enforced by personnel 
who do not have the training necessary to keep up-to-date with 
technological innovations in the field .
The distribution of mass-produced housing therefore depends 
in large part on the existence of a well administered modern build­
ing code, based on performance standards, and without unreason­
able restrictions on new building materials.
All the states in the country should enact “ Factory-built hous­
ing codes”  based on the climatic areas. “ National Model Code” 
standards should be established based on state codes, and all the 
building inspectors should come out of the state at national level.
All other codes should be abolished which aid in prohibiting the 
distribution of mass-produced housing. At present there is so 
much excessive cost because you have to meet all different codes 
which varies from $1.00 to $3.00 per square foot.
Design plays a very important part in the Modular Housing 
field. Architects have to understand the methods and limitations 
of the factory production process to effectively employ the ad­
vantages of industrialized building. In many cases when Archi­
tects have set out to design a project to be factory built, the 
result has been a higher cost than conventional. This happens as 
the design asks the manufacturer to completely revise the pro­
duction process to make something foreign to his everyday pro­
duction. Compare the cost the Factory-built way and conventionally 
for any project. Also the Design staff should work very close with 
Marketing group and always consult with Production before finaliz­
ing the design. Periodic restudy of buildings produced will pro­
vide a refreshing “ New Look”  to the product. The outside archi­
tect on a consulting basis can make an invaluable contribution to 
the architectural quality of the production. In short, develop a 
feeling for the practicalities of production, site assembly and 
sales. “ Standardization”  of materials and components among 
various designs is the name of the game in Industrialized Housing.
PRODUCT, MARKETING AND FINANCING
The need for a shelter is common to all human beings irre­
spective of their origin, culture or geographic location. Cultural, 
environmental or economic factors, however may cause shelters 
to be different in form. The Shelter Industry will grow and it will 
be a challenge for Architects and Engineers to accommodate the 
components of the shelter industry into other similar or different 
types of construction.
A house is a life-time investment for lower and middle class 
people. Manufacturer and customer both should be proud of the 
“ Home” . The cheaper quality of product reflects an image of 
the company and it hurts the business in the long run. One happy 
customer brings several more customers.
All building construction during its life span must provide 
adequate:
1. Safety through its structural strength & stability.
2. Protection from corrosion, decay, insects, and other 
destructive agents.
3. Resistance to weather, seismic forces and fire.
4. Durability and economy of maintenance.
5. Quality workmanship.
6. Architectural aesthetics.
7. Competitive initial cost.
8. Sales warranty.
If we meet all above eight fundamental goals, marketing be­
comes easier. Industrialized Housing industries will suffer a lot 
if they have excessive overhead. Overhead should be minimized 
by building a saleable product efficiently at a competitive price 
so sales and marketing do not become a problem. The Marketing 
Group contributes a great deal towards the success of any manu­
facturer . They will make a forecast and a master schedule of 
what to build and for how long. They also will find out about the 
buyer’s attitude and requirements and make product design changes 
by working very closely with Design staff. If any manufacturer 
has any problem with saleability of the product, check out Mar­
keting and Design staff. If the produced housing has a bad quality 
control, draw the attention of the manufacturing staff. But, do 
not bend down too much with buyers as “ American Public”  de­
mands too much and in my belief they are responsible for the 
delays in Industrialized Housing and the added extra cost of a 
house. The ultimate buyer really does not care whether the house 
is factory built or not. They like an appealing house with lots of 
space and options at cheapest price. Let us think as a buyer and 
not advertise how fast and how many houses can we build per day.
Manufactured housing is a rough road to hoe. There are 
several ways to operate. If anyone in Industrialized Housing 
would like to get rich, be your own General Contractor and Land 
Developer. But, a firm must realize that there is a major in­
vestment required. Get the projects lined up at least six months 
ahead of production so there is not much inventory in your yard. 
When you have an inventory, you have to have the type of program 
where you have a franchise set up into which you could put your 
inventory. If you do have an inventory it must be financed under 
a line of credit.
Lending Institutions are afraid to step forward. Some of 
them are uneducated in Factory-Built Housing and some compare 
it with cheap Mobile Homes. Now, some Modular manufacturers 
have created a bad image about their product and over the total 
Modular Industry in order to make few lousy bucks, but in general 
the Factory-Built homes are rather well built, sturdy and quality 
controlled. Factory-built Home Manufacturers install lots of 
extra materials to resist highway shocks and three dimensional 
space moments during transportation and erection. My point is 
that why lending institutions do not realize this at all. They would 
finance anyone’s house even if it does not have as good sales ap­
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peal as a Factory-built home and also it will collapse in an ordi­
nary earthquake. Banks and other lending institutions are ready 
to tie up for thirty years with a stick-built house and why not with 
a Factory built home. Lending Institutions are afraid if they pro­
vide financing and something goes wrong, there is one organization 
the consumer can always reach, and that is the lending institution.
Important criteria are:
1. It must have appeal, the best appeal.
2. The cost must be competitive.
3. The developer must have good community relations, 
good support with community groups.
4. And above all, the unit must be saleable and have sales 
appeal.
What are the qualifications of the Manufacturer required by 
the lending institution?
1. Know-how to produce saleable product.
2. Strong advertising and sales promotion program.
3. Ability to deliver product.
4. Financial responsibility -  what is his working capital to 
that portion that is free to help inventory and receivables.
5. Good cash working capital.
Banks, Savings & Loan, Insurance Companies, Mutual Funds, 
Limited Partnerships, Mortgage Pools, Corporate Financing, 
etc. will have to get interested in Modular Housing.
We must shift from relying on the private money market for 
financing housing for low and moderate income families to full 
federal, state and local government commitments in order to 
provide the required money at the right cost as a public need.
We must give up the inadequate notion that mortgage money can 
be obtained in the free market, since private money can get a far 
better return in other investments than in long term fixed mort­
gage financing.
There are no major problems, if you have a going acceptable 
business.
Lending Institutions ask for financing of both the manufacturer 
and the developer, legally typing in these funds to minimize their 
risk.
Manufacturer should carefully check the Financial conditions 
and credit of the developer before building or selling units to him.
LABOR
Why can not we make houses cheap these days? Labor rates 
in the field are killing us. So we moved inside the factory to build 
houses. Industrialized Housing has more cost in Materials and 
Overhead than stick builders. So the only place to offset those 
extra costs is to save in the labor by getting unskilled labor at a 
lower rate. It is a good idea for society, as you make something 
out of an unskilled man. Try to have only one union in the plant 
at the lowest rate possible. In establishing a new factory, it may 
be desirable to arrive at an understanding with the union covering 
plant personnel before operations are started. Organize your 
labor with maximum of lowest rate workers. Train them at their 
cost at night and use them for your purpose of building houses. 
Train the people for assembly work but it is vitally important that 
your supervisory people know carpentry and other operations well. 
To make a profitable venture one should produce at 1/3 man-hour 
per square foot.
The biggest problem we face is the fact that we must work 
with human beings. Some managements have introduced the in­
centive program which has proved successful, where Labor con­
trols Labor.
In negotiating a union contract, watch it carefully and use an 
experienced consultant. Administer the agreement by being on 
guard, and plan ahead for negotiation of future agreements. Labor 
unions also should try to help this Industrialized Housing as much 
as they can so the rates do not have other place to go now.
FACTORY PRODUCTION AND MANUFACTURER
Industrialized Housing consists in building of shelters inside 
a factory. According to the present situation, a successful manu­
facturer will have to build at $9.00 or less per square foot F.O.B. 
at factory. Most of the Modular Home plants are not specially 
designed to build homes. Different Building systems in Industri­
alized Housing and equally variable shapes and sizes of manufac­
turing plants prevent the modular industry from standardizing a 
layout. The layout varies considerably, except where the plant 
and production facilities have been specially designed for the 
manufacture of modular homes.
Plant-production should be efficient in order to make a profit. 
With minimum overhead the plant management should have efficient 
departments and get familiar with quality control, Production and 
Inventory control, Plant engineering, Industrial engineering, shop 
drawings, estimating and Bill of materials, Assembly line tech­
niques, Material Handling, etc.
Plant management should have previous experience of manag­
ing a manufacturing plant. It is also vitally important that they 
know about construction.
Most manufacturers seem never to have heard of Industrial 
Engineers. Industrial Engineers are trained to take a desired 
end product and then devise the best means of producing it in a 
factory. They know the best way to move and handle things along 
a production line. They know all about the standard cost and can 
save substantial cost to the manufacturers.
Do all the planning and set-up of policies, departments, as­
sembly and sub-assembly areas, equipment and tools etc. before 
moving into the plant. The proper master layout of the factory 
should be made because it is costly to layout again after produc­
tion starts. Do not have any conventionally trained construction 
foreman, Architects or sales manager do the plant layout.
Also do not over-equip the plant. Before buying any equip­
ment consider all factors: Under cost, Total cost, Down pay­
ment, Monthly payment, Companion Equipment required, Income 
tax, percent interest, lease payments, Depreciation, Labor sav­
ings, men eliminated, cost/month, cost/year, Fringe Savings, 
new skills required, Materials Savings -  how and how much, 
special fasteners, waste factor, plant space, Heat, maintenance 
..........etc.
There are still many problems holding back the spread of 
manufactured housing but they are primarily problems of accep­
tance rather than technological barriers. How can a plant help?
By producing in the plant under $9.00 per square foot with the 
best quality.
Purchasing, production and Inventory control and quality 
control are the three major Departments which should function 
properly in order to have the rest of the plant operate without 
major problems and obtain the perfect end product. Modules 
should be all finished and weather protected before they leave the 
plant. Never take out any module unfinished in the yard because 
it costs you three times more to finish. Keep the assembly line 
moving and try to balance the stations. Provide necessary tools, 
equipment and materials at the station and remember, anything 
you put on the floor, someone has to pick up. If possible use the 
semi-automatic system to move the assembly line. Always have 
sub-assembly production 2 or 3 days ahead of main assembly.
Modules should be weather protected with the kind of materi­
als that you can afford to throw away and remove in the field in 
minimum time. It costs substantially to waste time in the field.
In the plant, make your work repetitious for your employees 
as much as possible. Bring work to them and do not send them 
to work. Find out the efficiency and waste factor of each depart­
ment and also maintain a daily progress report.
In short, a plant has to function properly in order to fly the 
company off the ground without too much crawling.
TRANSPORTATION, ERECTION & FIELD WORK
Transportation and Erection with a crane or special system 
are two extra jobs that Modular Industry has to perform. Trans­
portation should be achieved with minimum cost. It would not be 
feasible to ship the modules beyond 300 miles radius. Make sure 
all the materials required to finish up and hook up the modules 
leave the plant at the same time you ship the modules, possibly 
inside the open module. Also make sure nothing is hanging loose 
inside or outside the module which can damage anything. There 
is not much to erect the modules so if possible have all the modules 
lined up at the site for that day’s erection closer to foundation.
Dukor Modular Systems, Inc. of Gilroy, California erected 
48 modules per day at Mountain View West #2 project in Mountain
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View, California. We had modules 20 feet away from foundation 
and the main thing was the crane did not have to wait for the mod­
ules as they were already there. If we had not spent as much time 
as we had to in removing weather protection material, we could 
have erected about 60 modules/day.
Never have a crane waiting for the modules as every minute 
is costing you in excess of $3.00 per minute.
In erecting modules do not use re-usable lifting rods. Use 
straps which can be cut off, as it is faster.
It is murder not to prefinish as much as possible in the fac­
tory. Try to select a product that has as much prefinishing as 
possible done in the factory. If a finished module sets in the yard 
for a while and if it requires to be cleaned up and repainted, do 
not waste any money to do it in the plant. After you erect the 
module on the site, you have to do it anyway. To avoid delays in 
construction, take care of the factors such as weather, labor 
supply, Material shortages, Equipment Failure, Finances, Man­
ufactured items, construction mistakes, Design changes, permits, 
shop drawings, sample approvals, Building codes, Sub-contractors, 
Contract Negotiaticm, Jurisdictional Disputes, Inspections, Foun­
dation conditions........ etc.
All the field work should be done as soon as possible. On the 
large projects, a prototype should be set up on the site and a sales 
or rental program should start before the delivery or erection is 
even started on the project. The Traffic Department should keep 
up to date with the laws of the Division of Highways and Railroad 
companies and inform other related people in the company. A 
helicopter may be the solution to Transportation and the Erection 
problem where trucks and railroad systems can not reach.
GO TODAY THE FACTORY-BUILT WAY, WITH DUKOR:
Dukor Modular Systems, Inc. of Gilroy, California produces 
precision-made housing of high architectural excellence in plan­
ning and design. The Dukor manufacturing facility, located on a 
26 -  acre site in Gilroy includes a covered plant area of 186,000 
square feet, 86,000 square feet of which is presently used for 
factory built modular home production. (The remaining 100,000 
square feet is scheduled to be used beginning January 1973). The 
plant has a ceiling which is three stories high and is equipped with 
twenty three overhead cranes. Dukor uses steel and plywood as 
their basic materials. It is housing manufactured under factory 
conditions to assure the highest quality home for its price in 
America today. Its superior design centers around three dimen­
sional steel framing. Normal site erection time is a matter of 
days, compared to months for conventional housing.
The modules (sections of a home) travel down the assembly 
line, starting with the welding of the steel frame which is tech­
nically called a “ steel ductile moment resistant space frame” , 
and ending with final interior touching up. The steel box frame 
functions like the chassis on an automobile, with similar produc­
tion advantages. Each unit actually moves down the production 
line on four temporarily affixed wheels, with walls, floors and 
roof being added to the frame as it progresses. Modules pass 
through stations for painting, subflooring, carpeting, plumbing 
and electrical wiring, followed by placement of walls, doors, 
windows, cabinets, appliances, and interior trim. The steel 
framing is, in addition, hollow, functioning as all ducts for both 
heat and air conditioning. Moreover, the frame, being steel, 
cannot be harmed by dry rot or termites. Because of the strength 
of the steel frame, the walls are non-load bearing, unlike wood 
frame homes, and are not needed to support the structure. When 
two modules are connected, no wall is structurally required where 
the units join together, thus enabling spacious quarters to be cre­
ated. Figure 1-6 are exhibited as a part of this paper to make 
the readers more familiar with DUKOR.
LET US MAKE THIS GOAL A REALITY
Industrialized Housing has entered the American Market and 
now it is in our hands to push it. It may solve the housing crisis 
in the nation and will be a new hope for millions of Americans.
State Housing codes, Division of Highways, Government, Lending 
institutions, suppliers to Housing industry, Manufacturers and 
the Buyers etc, all will have to push in the same direction, sac­
rifice a little and give a little more than their share, and make
“ Industrialized Housing, a reality” .
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Fig. 1. Welding Jig.—This is the place where module takes a birth. Jig is equipped with 
two mig welders and is able to produce one “Steel Frame”  every 20 minutes.
F<* 2. Plant layout drawing Assembly lines. This plant layout won “Award of Merit'’ 
from Automation in Housing for Achievement in Homing.
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Fig. 3. Plumbing Wall.—This picture presents prefabbed waste and supply tree installed in 
the module.
Fig. S. Module being Transported to site with use o f the Bogey shown in Fig. 4.
Fig. 4. Transportation Bogey.-This Bogey is specially designed to transport modules 
with steel frame which makes its own flat bed. The modules are only 9 " above 
the road surface to allow required height on the module and still comply with 
Highway regulations. Two, I ”  Bolts are used in each column at the corner to hook 
up the module to hydraulically operated bogey which makes it easy to unload at 
the site without crane or fork lift.
Fig 6. Pierce Street Apartments.—Gilroy, California; FHA 236 Project, 54 Apartments; 
AISC award winner.
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